In order to determine the reason for runoff reduction, daily natural runoff series were restored using a conceptual rainfall-runoff model. The period of [1970][1971][1972][1973][1974][1975][1976][1977][1978][1979] 
INTRODUCTION
Surface water resources are essential for agricultural irrigation, industrial production, ecological environment and human existence. With socioeconomic development, the amount of river runoff is to some extent influenced by human activity (Ren et al. ) . In China, runoff reduction has been observed in many river basins, especially in the 20 years since 1990. Wang et al. () It is well known that the variation of river runoff depends on climatic changes and human activity. The effect of human activity and climatic change on runoff of a river basin has therefore been of interest to hydrologists in recent years. Determining the reasons for runoff change will be extremely useful for planning and management of water resources in watersheds.
In the earlier studies, most investigations of runoff change in a river basin were mainly carried out through trend tests or empirical models (Zhang et The notation D, P and R in Figure 2 a developing trend. The following test is carried out to prove or disprove the assumption. The number of allelomorphs in the sample (x 1 , x 2 ,…, x n ) is calculated as:
upward trend in the samples and
there is a downward trend in the samples and p ¼ 0. Under the null hypothesis of no trend, the statistic P is therefore distributed as a normal distribution with the expected value of E(p) and variance Var(p) as follows:
Under the above assumption, the definition of the statistic index U is calculated as:
The statistic index U follows the standard normal distribution. In a two-sided test for trend, the null hypothesis is rejected at the significance level of α if |U| > U α/2 , where U α/2 is the critical value of the standard normal distribution with a probability exceeding α/2. A positive U-value denotes a positive trend and a negative U-value denotes a negative trend. In this paper, the significance level of α ¼ 0.05 is used.
Hybrid runoff model
In order to investigate the effect of human activity and climatic change on the runoff reduction in the Laohahe basin, the conceptual rainfall-runoff model of Hu () was selected. The advantage of this hybrid runoff model over other rainfall-runoff models is that it combines the sat- 
where Q obs i is observed runoff at time-step i, Q sim i is the simu- There is therefore a remarkable decreasing trend in the series of annual runoff at the outlet of Laohahe basin. It is well known that evaporation plus runoff is equal to precipitation in the long-term water balance equation. However, runoff change in the Laohahe basin is contrary to that under the condition of invariable precipitation and decreasing pan evaporation. This situation implies that the observed runoff in the Laohahe basin has been disturbed by human activity.
Hybrid runoff model calibration
The results of model calibration for the three catchments during the period 1970-1979 are shown in Table 2 . where the spatial distribution of elevation is very uneven; the inverse distance square precipitation interpolation method used in this study does not consider the effect of elevation on precipitation. The input data error could lead to an uncertainty in model results. In addition, the area of Xiaochengzi catchment is only 803 km 2 , and the amount of runoff is relatively small. The runoff absolute error is less than 10 mm, though the runoff relative error is larger than 30% in some years.
Taking the year 1979 as an example, Figure 3 shows the comparison between the observed and simulated runoff at Dianzi, Xiaochengzi and Taipingzhuang stations.
Effects of human activity and climate change on runoff
Observed runoff series in the 1970s is regarded as the reference runoff in this study, thus decadal runoff change can be Table 4 are defined as follows: P is annual mean precipitation (mm); E pan is annual mean pan evaporation (mm); R obs is observed annual mean runoff depth (mm);
R sim is simulated annual mean runoff depth (mm); ΔR is ΔR, HA and CC in the interzone catchment were therefore calculated as:
where R ref is the reference runoff in the 1970s.
As shown in Table 4 , the annual mean precipitation in The effects of human activity and climate change on runoff in the Laohahe basin are calculated by area-weighted averages of that in the three catchments. As shown in Table 5 and 54.4% of the runoff reduction in Laohahe basin, respectively. Overall, the effect of human activity on runoff 
